ABSTRACT 22 UV-B irradiation was applied to broccoli florets to investigate its effect on 23 chlorophyll degradation and chlorophyll-degrading enzyme activities in stored broccoli. 24
Introduction 45
Broccoli is a highly perishable product and floret yellowing is a major limitation to 46
shelf life and quality. Therefore, suitable treatments are necessary to maintain quality 47 with 0.798 mg protein of partial purified Chlase (20-40% of (NH 4 ) 2 SO 4 ) from green 137 citrus fruits. The reaction mixture was incubated at 25 °C for 40 min. The reaction was 138 stopped using acetone and the remaining Chl a was separated by hexane. The lower part 139 of the reaction mixture was used as the Chlide a. 140 141
Analyses of Chlorophyll-degrading enzyme activities 142 143
An acetone powder (500 mg) of floral tissues was suspended in 15 mL 10 mM 144 phosphate buffer (pH 7.0) containing 0.6% CHAPS for Chlase. For Mg-dechelatase, an 145 acetone powder (500 mg) of floral tissues was suspended in 15 mL 50 mM phosphate 146 buffer (pH 7.0) containing 50 mM KCl and 0.24% Triton-X 100, or in 15 mL 10 mM 147 phosphate buffer (pH 7.0) for Chl-POX. The crude enzyme was stirred for 1 h at 0 °C and 148 the mixture was filtered with two layers of Miracloth. The filtrate was then centrifuged at 149 16,000× g at 4 °C for 15 min. The supernatant was used as the crude enzyme extract. The 150 enzyme protein contents were determined based on Bradford's method (1976) 
Chlorophyllase activity 153 154
The reaction mixture contained 0.5 mL 0.1 mM phosphate buffer (pH 7.5), 0.2 mL 155 500 µg/mL Chl a acetone solution (100 µg/mL) and 0.5 mL enzyme solution. The 156 reaction mixture was incubated in a water bath at 25 °C for 40 min, and the enzyme 157 reaction was stopped by adding 4 mL of acetone. Chlide a was separated by adding 4 Chl-POX was determined as previously described (Yamauchi, Harada & Watada., 165 1997 ). The reaction mixture contained 0.5 mL of enzyme solution, 0.1 mL 1.0% Triton 166 X-100, 0.1 mL 5 mM p-coumaric acid, 0.2 mL 500 µg/mL Chl a acetone solution, 1.5 167 mL 0.1 mM phosphate buffer (pH 5.5) and 0.1 mL 0.3% hydrogen peroxide. Activity was 168 determined spectrophotometrically by measuring the decrease of Chl a at 668 nm per unit 169 per mg protein at 25 °C. 170 Pheide a formation, the reaction mixture contained 0.75 mL 10 mM phosphate buffer (pH 180 7.5), 0.25 mL Chlide a (7.55 µg) and 0.2 mL of enzyme solution. 181 182
Analyses of Chlorophyll and resulting derivatives 183 184
The acetone-HEPES solution was prepared from 16 mL of cold acetone and 2 mL 185 50 mM HEPES buffer (pH 7.5). Two grams of fresh broccoli florets were ground in 9 mL 186 of acetone-HEPES solution using a mortar and pestle and the remaining solution (9 mL 187 acetone-HEPES solution) was then added. The extraction was kept in the dark for 5 min, 188 and passed through filter paper (Whatman # 2). Subsequently, the aliquots were filtered 189 through a DISMIC filter (0.45 µm, AVANTEC, Japan) and then used for HPLC analyses. Pheide and Pyropheide a levels sharply increased during storage, whereas broccoli with 245 UV-B treatment showed a slight increase. Although, the levels of Pheide and Pyropheide 246 a greatly increased in broccoli without UV-B treatment on day 4, the levels of both 247
Pheide a and Pyropheide a decreased in stored broccoli on day 6. In contrast, broccoli 248 treated with UV-B showed a continuous increase in Pheide a and Pyropheide a levels 249 (Fig. 3C, D) . The Phy a level in fresh broccoli florets was higher than any other 250 derivative level. Broccoli with UV-B treatment showed a higher level of Phy a than that 251 without UV-B treatment throughout the storage period. Moreover, Phy a level was found 252 to be slightly increased in broccoli with UV-B treatment at day 4, followed by a decrease 253 in the level on day 6 (Fig. 3E) . 254 without UV-B treatment on day 6. In contrast, Chl-POX activity showed almost no 265 change in broccoli with UV-B treatment after 2 days of storage (Fig 5B) . In this study, 266
Mg-dechelation activity was examined by using Chlin a as an artificial substrate, 267 tentatively named Mg-dechelatase (MD). After UV-B treatment, MD activity was not at a 268 significantly different level between the control and the UV-B treatment during the first 4 269 days of storage. However, MD activity was suppressed by UV-B treatment, as its activity 270 greatly increased in broccoli without UV-B treatment on day 6 (Fig. 5C ). In contrast, Mg-271 dechelation activity using Chlide a as a native substrate, tentatively named Mg-272 dechelating substance (MDS), showed unchanged in broccoli on day 6 of the storage. Inaddition, the UV-B treatment effectively reduced the activity of MDS in broccoli during 274 storage (Fig. 6) . 275 decrease with senescence during storage (Yamauchi & Watada, 1991 . 315
Notably, the decrease of OHChl level was delayed by UV-B treatment after 4 days of 316 storage. In addition, Pheide a and Pyropheide a levels in broccoli with UV-B treatment 317
were slowly accumulated as compared to broccoli without UV-B treatment. 
